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Abstract

In the past few years, three-dimensional (3-D) seismogram has become an essential tool for the interpretation of
subsurface  stratigraphy  and  depositional  systems.  Seismic  stratigraphy  in  conjunction  with  seismic
geomorphology has elevated the degree to which seismic data can facilitate geological interpretation, especially in
a  deepwater  environment.  Technologies  such  as  time  slicing  and  interval  attribute  analysis  can  enhance
geomorphological interpretations, and, when integrated with stratigraphic analyses, can yield insights regarding
distribution  of  seal  and  reservoir  facies.  Multiple  attributes  corendering  can  further  bring  out  features  of
geological interest that other technologies may overlook. This method involves corender spectral decomposition
components (SDC) with semblance attributes to describe the distribution of deepwater channel elements and the
boundaries of deepwater sinuous channel. Applying this technology to four elements is observed: (1) point-bars,
(2) migration of channel meander loops, (3) channel erosion/cut, and (4) avulsion. The planview expression of
the deepwater channel ranges from low sinuosity to high sinuosity. Furthermore, this technology has enabled
interpreters to visualize details of complex depositional elements and can be used to predict net-to-gross ratio in
channel systems, which can be incorporated into borehole planning for exploration as well as development needs
to improve risk management significantly. The technology is applied to the study area in an effort to illustrate the
variety of interpretation technologies available to the geoscientist.
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1  Introduction
Over the past two decades, a wide variety of geophysical tech-

nologies have been developed to image plan views of the depos-
itional environment and other geologic features extracted from
3-D seismic volumes. Horizontal slices, flattened time slices, and
proportional slices, provided the plan view images of amplitude
and other attribute distributions that strongly resembled depos-
itional environments (Xia et al., 2015). These methods have
developed into a rapidly evolving discipline known as seismic
geomorphology which has become an important tool for oil and
gas exploration (Posamentier, 2000; Davies et al., 2007). The ap-
plication of a 3-D-based seismic geomorphology approach has
been particularly important for improved understanding of sedi-
mentary processes in deep-water depositional environments
(Posamentier, 2005). These settings are difficult to study first
hand because of their remoteness and inaccessibility. 3-D seis-

mic data affords section and planview images that have sign-
ificantly enhanced our understanding of spatial and temporal
distributions as well as lithology of deep-water depositional ele-
ments.

In recent years, a number of articles suggested that the seis-
mic attribute is useful for detecting channels in broadband seis-
mic data, typically in deepwater settings (McGrory et al., 2006;
Hart, 2008). The advent of the 3-D seismic data has aided identi-
fication and mapping of sinuous channels on the subsurface, and
revealed the internal architecture and temporal evolution of the
deepwater sinuous channels (Roberts and Compani, 1996; Kolla
et al., 2001; Peakall et al., 2000; Mayall and O’Byrne, 2002; Abreu
et al., 2003; Deptuck et al., 2003; Posamentier and Kolla, 2003;
Samuel et al., 2003). However, a seismic amplitude is the com-
posite expression of multiple frequency components. It is diffi-
cult to identify and predict the distribution of deepwater sand-  
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stone reservoir facies and channel margin, using routine seismic
analyses, due to lateral facies change and high frequencies of
layered inter-bedding.

A spectral decomposition (SD) is a tool for better imaging and
mapping temporal bed thickness and geological discontinuities
within 3-D seismic surveys (Partyka et al., 1999) and it aids in a
seismic interpretation by analyzing the variation of amplitude
spectra. The amplitude spectra delineate thin-bed variability via
spectral notching patterns that can be used to map the subtle
stratigraphic and facies change such as deep-water sinuous
channel systems. In addition, spectral components (SC) tuned to
a given thickness often exhibit a high signal-to-noise ratio and
thus provide the highest lateral resolution, giving clear images of
channels and other stratigraphic features that otherwise might be
buried in broadband data. With this technology it is possible to
analyze each frequency component independently, revealing
more clearly features which may not be seen from the seismic
amplitude of the broadband data. And by choosing the fre-
quency component data volume, capable of fully revealing the
response characteristics of a geological target, then we can de-
scribe some small changes in the amplitude induced by changes
in lithology and enable it to describe the shape of geological bod-
ies objectively.

Coherence, also known as similarity, is a poststack seismic at-
tribute that measures the continuity between seismic traces in a
specified window along a picked horizon (Bahorich and Farmer,
1995). An estimate of a 3-D seismic coherence is done by calcu-
lating a localized wave form or amplitude similarities in the in-
line and crossline directions (Bahorich and Farmer, 1995; Mar-
furt et al., 1998; Gersztenkorn and Marfurt, 1999).

Lateral seismic character variations may be associated with
low coherence along faults and/or stratigraphic boundaries,
which can provide a quantitative measure of geologic discontinu-
ity. But the deep-water sand is always characterized by channel
amalgamation that led to reservoir homogenization, which in
turn makes it difficult for coherence to identify lithologic differ-
ences.

Above all, the coherence attribute could help to define the
channel margins whereas the spectral decomposition (SD) attrib-
ute could help to define the lithology of the channel fill. However,
none of publications describe the attribute’s images of channels
imaged using corendered SD with the coherency attributes.

Targeting this problem, we present examples of the seismic
images that corendering spectral decomposition component
(SDC) with the semblance attributes can be a very useful visualiz-
ation technology to describe the distribution of deep-water sand-
stone facies and the boundaries of deep-water sinuous channel,
which is of vital importance for the prediction of deep-water
sandstone reservoirs distribution.

2  Geological settings
This study examines the Miocene formations of the deepwa-

ter Taranaki Basin (Fig. 1). The deepwater Taranaki Basin is the
north-west extension of New Zealand’s only currently producing
sedimentary basin, Taranaki (Higgs et al., 2010). It lies mostly to
the north-west of the Taranaki shelf edge, across the slope and
into the head of the New Caledonia Basin. Water depths range
from approximately 200 m at the shelf edge in the south-eastern
corner of the permit to just over 2 000 m in the north-west corner.
For much of its length, the New Caledonia Basin is bound to the
west and south-west by the Lord Howe Rise, a relatively shallow
physiographic shoal, and to the east and north-east by the Nor-
folk and West Norfolk Ridges (Uruski, 2008).

The study formations comprise a deepwater marine succes-
sion of siliciclastic and shale deposits that form part of a deepwa-
ter margin present in the northeast Taranaki Basin during Late
Miocene. With an increasing proportion of clastic material as the
modern plate boundary was initiated and developed, until, by the
end of the Miocene clastic deposition probably dominated as
large basin floor fans and channel systems developed (Uruski,
2008; Uruski and Wood, 1991). A large Miocene channel is
present above the crest of the older Cretaceous structure. Sedi-
ment is thought to have been derived from the northern part of
South Island and the western part of North Island (King et al.,
1993; King and Thrasher, 1996; Rotzien, 2013).

3  Database and workflows

3.1  Seismic database
We analysed the “Romney 3-D” survey, which was acquired

by the Anadarko NZ Taranaki Company between the 23 October
and the 6 December 2011 and processed by the ION Company in
February 2013 (NZP& M Petroleum Report available from
www.nzpam.govt.nz). The 3-D seismic data cover an area of ap-
proximately 1 700 km2 in water depths exceeding 1 000 m. The
c e n t r e  o f  t h e  s t u d y  a r e a  w a s  l o c a t e d  a t  3 8 ° 0 0 ′4 5 . 2 2″S ,
172°38′09.29″E. One of the goals of the Romney 3-D survey was to
image the structure of the basin between the Rakopi formation
and the basement. A data quality was generally very good-to-ex-
cellent in the vicinity of the imaged Miocene deepwater channel.

The time-migrated seismic data volume has a vertical sample
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Fig. 1.   Locality map, deepwater Taranaki Basin west of New Zea-
land, location of study area and the regional cross-section (a. be-
low) and structural transect across the basin, showing general-
ized tectono-sedimentary context of latest Miocene-Pleistocene
progradation within and west of the northern graben (b. taken
from http://www.nzpam.govt.nz/cms/investors/doc-library/pet-
roleum-basins/taranaki-basin-factsheet.pdf).
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interval of 4 ms two-way time (TWT) and a bin spacing of 25 m×
25 m. Based on a dominant frequency of 35 Hz in the relatively
shallow interval of interest, and given the velocity in the interval
of interest, the vertical resolution of the data is estimated to be
roughly 11 m (Fig. 2).

The polarity of the seismic data is SEG normal; i.e., a down-
ward increase in an acoustic impedance is represented by a black
(positive) reflection and a downward decrease in the acoustic im-
pedance is represented by a red (negative) reflection. A seismic
interpretation and attribute analyses were undertaken at seismic
work stations using Landmark Seisworks and GeoProbe software.

3.2  General workflows and key technologies
First, Seismic data over the zone of interest were transferred

into the frequency domain via a discrete Fourier transform (DFT)
in zones of a short window-length interval of 32 ms. The outputs
of this process are frequency slices generated over a time-win-
dowed zone of interest which is termed the tuning cube. Through
animation of the tuning cube, the frequency 20 Hz was selected
which showed the most meaningful geological structures on
amplitude slices (Fig. 3). Based on the selected frequency, isofre-
quency volumes of the amplitude spectra were generated
through the DFT process by setting a 32 ms window. Time and
horizon slices of the amplitude spectra of 20 Hz isofrequency
volumes were analyzed for the identification of channel facies.

In addition to the spectral decomposition, we calculated the
semblance attributes of the 3-D seismic volume to map discon-
tinuities in the interest area shown in Fig. 1. For this study, a co-
herence cube was generated for the seismic survey, and horizon
slices along the deepwater channel and were extracted to map
variations in sinuous channel belt morphology (Fig. 4). Channel
margins are distinguishable from sedimentary features by their
linearity and arc-shaped effects.

At last, the SDC 20 Hz is corendered with semblance in this
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Fig. 2.   Fourier spectrum of the input data shown in Section b (a),
and the interested deepwater channel in the section profile (b).
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Fig. 3.   Animation horizon slices corresponding to those shown in Fig. 2 through 10 Hz (a), 20 Hz (b), 40 Hz (c), 60 Hz (d), 80 Hz (e)
and 100 Hz (f)  amplitude spectral component volumes computed using DFT. The yellow arrows indicate the most meaningful
geological elements of the deepwater channel system and are better delineated by the 20 Hz frequency images. Based on the selected
frequency, 20 Hz isofrequency volume of the amplitude spectra is generated through the DFT process by setting a 32 ms window, and
the volume is analyzed for the identification of channel facies.
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deepwater channel study. The software (GeoProbe) employed
here corenders the two attributes by defining one attribute (in
this case SDC 20 Hz) using color and the other attribute (semb-
lance) using shading (as if light were shining on the data), a tech-
nology sometimes referred to as “bump mapping” in graphics
programming (Hart, 2008). A structural dip in this study is low,
and so the horizon slice is approximately parallel to the strati-
graphy. So, the horizon slices from 3-D volumes can be studied
using different seismic attributes that highlight seismic facies
variations within the 3-D seismic cube, which in turn may be in-
terpreted as depositional systems, geomorphologic features,
faults, and fracture patterns, and can ultimately be used to pre-
dict lithologies (Davies et al., 2007).

The seismic interpreters have observed and employed empir-
ically for many years in the seismic data from marine clastic set-
tings: Shale-dominated intervals tend to be characterized by low
amplitudes (small acoustic impedance contrasts) and relatively
closely spaced reflections (high frequency), whereas isolated
sandy intervals, such as channel fills and frontal splays, in the
shales correspond to high amplitudes (high acoustic impedance
contrasts with the shales) and low frequencies (broad refle-
ctions).

4  Technical advantages
Corendering of different attributes, where by two or more at-

tribute maps are overlain and imaged simultaneously, can serve
to enhance geological features (Posamentier, 2005). Images that
provide complementary information can synergistically com-
bine to bring together the best of each individual image.

As shown below, corendering the SDC with semblance attrib-
ute is a powerful combination for defining channels edges and
their fill. We could characterize the channel depositional fea-
tures through this technology.

Figure 5 is from a deepwater setting, between 3.5 and 3.8 s in-
to the data. The seismic profile shown in Part A displays areas of
high and low amplitudes around the channel. Based on their re-
flection characteristic, the low-amplitude intervals are typically
interpreted as shale, and high-amplitude reflections are com-
monly interpreted to represent channel fills. The Fig. 5b shows
the profile with an inclined slice through the volume that

corender SDC 20 Hz and semblance, and in Fig. 5c, the vertical
transect has been removed. Note how the labeled high-amp-
litude reflections in Fig. 5a correspond to a single sinuous chan-
nel that is visible in the spectral decomposion image. This suc-
cession of views allows relationships between the vertical section
and the planform geometries to be quickly assessed.

Figure 6a, Part A is a slice through an amplitude volume (top),
and Part B is an equivalent slice (bottom) that corenders SDC at-
tributes (colors) and semblance (black). Although the locations
of some channels are detectable in the amplitude slice, the mar-
gins of the channels are clearly defined by the semblance attrib-
ute, and the variations in the SDC suggest variations in the litho-
logy of the channel fills.

Clearly, the combination of the SD and the semblance is su-
perior to a conventional amplitude slice for detecting channels
and predicting the lithology of the channel fill.

5  Application and discussion
Depositional elements are defined by Mutti and Normark

(1991) as the basic mappable components of both modern and
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Fig. 4.     A coherence cube was generated for the study seismic
survey, and horizon slices along the deepwater channel and were
extracted to map variations in sinuous channel belt morphology.
Channel margins are distinguishable from sedimentary features
by their linearity and arc-shaped effects.
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Fig. 5.   Seismic profile and corresponding corender slices. a. Ver-
tical profile through an offshore, deepwater three-dimensional
seismic volume, showing high-amplitude reflections character-
istic of sands in a shaly succession. b. Combination of the vertic-
al  transect  shown  in  Part  A  with  an  inclined  slice  through  a
corendered  semblance  and  spectral  decomposition  (20  Hz)
volume. The discontinuous high-amplitude reflections from Part
A correspond to a sinuous channel. c. Inclined slice through the
corendered semblance and SDC 20 Hz volume showing the plan-
form geometry of the sinuous channel shown in Part A.
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ancient turbidite systems and stages that can be recognized in
marine, outcrop, and subsurface studies. These features are the
building blocks of landscapes (Posamentier, 2003). In the follow-
ing we use the spectral decomposition and the semblance coren-
dering technology to characterize the geomorphology and strati-
graphy of deepwater depositional elements and infer the process
of deposition where appropriate.

5.1  Point-bars
The combination of the SDC and semblance slices of chan-

nels presented here show well-developed meander bends with
high-amplitude facies within them, interpreted to be point-bars
(Fig. 7a). The semblance data clearly indicate the margin of some
channels and the location of the last channel course. Variations
in the SDC (20 Hz) map within the channels suggest variations in
lithology at the level of the slice.

The concentric arcs imaged in map view (Fig. 7b) represent
sections through point-bar deposits and may represent scroll-
bars. Areas of high and low amplitudes are visible in the map,

and the low-amplitude areas would typically be interpreted as
shale. The areas of high SDC amplitude are probably sandstone.
The channels appear to cut down into some relatively high-amp-
litude, continuous reflections. In seismic sections across sinuous
point-bars, some channels exhibit shingled, subtle or somewhat
widely separated, off-lapping or discontinuous reflections (Fig. 7b).
This feature viewed in the cross-section is characterized by later-
al accretion surfaces also associated with the presence of point-
bar deposits within the channel, an interpretation that is consist-
ent with the interpretation of a deepwater channel derived from
plan view images.

Point-bars in seismic slices appear conformable with one an-
other and cannot be separable. We interpret them to be the res-
ult of continuous channel migrations.

5.2  Migration of channel meander loops
It has long been recognized that many deepwater leveed

channels on recent fans are of high to moderate sinuosity (Flood
and Damuth, 1987; Damuth et al., 1988; Clark et al., 1992).
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Fig. 6.   Comparison of horizon slice through an amplitude volume (a) and an equivalent slice showing corendered SDC 20 Hz and
semblance attribute (b) through a deepwater channel section in Fig. 2. Channel systems both are visible. The horizon slice cuts across
stratigraphy but has the advantage of showing channel complexes in Part B. Note the improved definition of the channel systems and
differences in the SDC map that probably represent changes in lithology (net-to-gross ratio) in the channel systems at the level of the
slice. The margins of the channels are clearly defined by the semblance attribute, and the variations in the SDC suggest variations in
the lithology of the channel fills.
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Fig. 7.   The combination of the SDC and semblance slices of channels. a. Horizon slices through the corendered semblance and SD 20
Hz volume showing the planform geometry and depositional elements of the channel systems shown in Part B. b. Vertical section
through a seismic amplitude volume showing the lateral migration point-bar, incised submarine channel systems. Figure 7b here
show well-developed meander bends with high-amplitude facies within them, interpreted to be point-bars. The semblance data
clearly indicate the margin of some channels and the location of the last channel course. Variations in SDC 20 Hz amplitude map
within the channels suggest variations in lithology.
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However, 3-D seismic data suggested the presence of both later-
al and down-system channel drift, accompanying increased
channel sinuosity through time. Channel migration through time
is manifested by progressive expansion of meander loops, result-
ing in increased sinuosity. The channel shows down-stream
sweeps and lateral swings of point-bars during their growth, the
same as fluvial systems (Kolla et al., 2007). Successive continu-

ous and discrete channel shifts frequently display both down-
stream “sweep” and lateral “swing” components in space and
time (Figs 8a and b).

The lower formation is a complex of huge straight low-sinuos-
ity incised channels and they are usually filled with sand. The up-
per formation is a huge high-sinuosity incised channels and they
are usually filled with shale (Fig. 8c).

5.3  Channel erosion/cut
At the base of the deepwater channel complex, the initial

erosion is deep enough so that high-amplitude seismic reflec-
tions, inferred to be the seismic expression of sand-prone chan-
nel fill. The sand-prone part of the channel fill is fully confined
within the incised part of the leveed channel (Figs 7 and 8). Be-
cause the sand-prone channel fill is fully confined within
erosional walls, these sands would not be in direct communica-
tion with associated constructional levees and could form isol-
ated flow units (Posamentier, 2003).

Channel-fill deposition commonly is aggradational, but in
many instances it also is characterized by the point-bar migra-
tion. In planview the down-system point-bar is expressed as lat-

erally migration as illustrated by coronder slices through the
sand-prone part of the channel fills. However, the up-system
point bar characterized by significant vertically accreted sand-
prone fill or erosion.

5.4  Avulsion
Avulsion is a critical process in the development of turbidite

channel architecture (Kolla, 2007). Figure 9 illustrates that the
deepwater channel is characterized by channel avulsion in its
late stage of development, resulting a cut loop on the left, where
sinuosity increases and meander loop abandonment and oxbow
lake formation can be observed. The fill of abandoned channels
comprises an integral part of the fluvial deposits observed here.
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Fig. 8.   The channel shows downstream sweeps and lateral swings of point-bars in space and time during their growth. a. The slices
illustrate both lateral and downsystem channel drift, accompanying increased channel sinuosity through time. b. The upstream
display more “sweep” and downstream display more “swing” components. c. The lower formation is a complex of huge straight low-
sinuosity incised channels usually filled with sand (upstream). The upper formation is a huge high-sinuosity incised channels usually
filled with shale (downstream).
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Abandoned channel deposits, such as those that fill the oxbow
lake observed by Reijenstein et al. (2011), are characterized by
continuous and sagging seismic reflections.

McHargue et al. (2011) treat avulsion as being tied to the initi-
ation of the waxing phase of an energy cycle. During the waning
phase of the previous cycle, channel architecture, and especially
the relief of channel confinement, is in equilibrium with relat-
ively mud-rich, small and low energy flows. The initiation of the
next energy cycle brings with it flows that are much sandier, more
dense, and much more erosive. Therefore, the potential for avul-
sion is greater at this time than at any other time in the energy
cycle.

The cause of avulsion most likely was a change in flow para-
meters associated with changes higher up on the slope or outer
shelf. Such changes could have included increased flow dis-
charge and or increased sand-to-mud ratio (Pirmez et al., 2000).

Although this complicated process is poorly understood, the
seismic stratigraphic relationships have been interpreted as
channels that have incised into an older one as lateral “swing” of
the sinuous channel (Posamentier and Kolla, 2003; Saller et al.,
2004).

6  Conclusion
In summary, through application of spectral decomposition

and semblance co-render attribute we characterize the deep-wa-
ter sinuous channel depositional elements in the study area.

(1) This technology combines the edge detection capabilities
of a “coherence” map with the lithology indications inherent in a
SDC amplitude map to portray clearly both the margins of the
channel as well as the inferred type of fill in the channel. And
through a combination of plan views and section views, discrete
depositional elements can be identified and visualized, ulti-
mately interpreted with regard to paleogeography, temporal
evolution and lithology.

(2) The features of sand-filled deepwater channels can be well
imaged by applying corendering SDC and semblance attribute to
characterize. As such, the attribute could application in seismic

geomorphology studies, in that it can be used to help predict the
lithology of features seen in planform.

(3) Although there are no well logs available to test the litho-
logy predictions for any of the channel features imaged using this
technology in this article, from a qualitative perspective, the
presented methods support the use of co-rendering SDC and
semblance attributes to qualitatively estimate sand distributions
and reduce drilling risk in the channel systems.
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